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ABSTRACT We aimed to review strategies for identifying SARS-CoV-2 infection before
the availability of molecular test results, and to assess the reporting quality of the stud-
ies identified through the application of the STARD guideline. We screened 3,821 articles
published until 30 April 2021, of which 23 met the inclusion criteria: including at least
two diagnostic variables, being designed for use in clinical practice or in a public health
context and providing diagnostic accuracy rates. Data extraction and application of
STARD criteria were performed independently by two researchers and discrepancies
were discussed with a third author. Most of the studies (16, 69.6%) included sympto-
matic patients with suspected infection, six studies (26.1%) included patients already
diagnosed and one study (4.3%) included individuals with close contact to a COVID-pos-
itive patient. The main variables considered in the studies, which included symptomatic
patients, were imaging and demographic characteristics, symptoms, and lymphocyte
count. The values for area under the receiver operating characteristic curve (AUC)ranged
from 53-97.4. Seven studies (30.4%) validated the diagnostic model in an independent
sample. The average number of STARD criteria fulfilled was 17.6 (maximum, 27 and min-
imum, 5). High diagnostic accuracy values are shown when more than one diagnostic
variable is considered, mainly imaging and demographic characteristics, symptoms, and
lymphocyte count. This could offer the potential to identify individuals with SARS-CoV-2
infection with high accuracy when molecular testing is not available. However, external
validation for developed models and evaluations in populations as similar as possible to
those in which they will be applied is urgently needed.

IMPORTANCE According to this review, the inclusion of more than one diagnostic test
in the diagnostic process for COVID-19 infection shows high diagnostic accuracy val-
ues. Imaging characteristics, patients’ symptoms, demographic characteristics, and lym-
phocyte count were the variables most frequently included in the diagnostic models.
However, developed models should be externally validated before reaching conclu-
sions on their utility in practice. In addition, it is important to bear in mind that the
test should be evaluated in populations as similar as possible to those in which it will
be applied in practice.

KEYWORDS SARS-CoV-2, diagnosis, STARD, COVID-19

There is a wide variety of tests available to detect present or past SARS-CoV-2 infec-
tion, both for clinical use and public health applications. Most tests for detecting

current infection have focused on reverse transcriptase quantitative PCR (RT-qPCR)
assays. However, these tests have limitations, such as the time required to perform

Editor Tulip A. Jhaveri, University of Mississippi
Medical Center

Copyright © 2022 Cremades-Martínez et al.
This is an open-access article distributed under
the terms of the Creative Commons
Attribution 4.0 International license.

Address correspondence to Blanca Lumbreras,
blumbreras@umh.es.

The authors declare no conflict of interest.

Received 24 January 2022
Accepted 12 May 2022
Published 14 June 2022

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 1

RESEARCH ARTICLE

https://orcid.org/0000-0003-1665-0860
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/spectrum.00300-22
https://crossmark.crossref.org/dialog/?doi=10.1128/spectrum.00300-22&domain=pdf&date_stamp=2022-6-14


them and the presence of false negative results of more than 30% (1), particularly
when those tested are in the early stages of infection and/or asymptomatic. Given that
asymptomatic patients have been shown to account for up to 80% of those infected
(2), and yet can transmit the virus (3), tests need to provide rapid results with sufficient
sensitivity and specificity to inform prevention and social isolation measures. The use
of rapid diagnostic tests that primarily detect the virus antigen has been widely imple-
mented in practice as an effective strategy to provide a prompt result in a matter of
minutes. These tests have similar issues with sensitivity and a limitation in that a posi-
tive result must be confirmed by RT-qPCR testing, which makes the implementation of
these diagnostic strategies challenging in settings where these molecular tests are not
available (4). In addition, in some clinical situations it is necessary to detect the pres-
ence of SARS-CoV-2 infection immediately, such as in patients with signs or symptoms
of COVID-19, in order to initiate treatment or identify asymptomatic cases and inter-
rupt SARS-CoV-2 transmission when community risk or transmission levels are high.
Thus, new effective strategies for diagnosis and detection need to be developed.

A fundamental aspect to consider is that the diagnostic performance of a test is
directly related to the context in which it is performed, which needs to be considered
when interpreting the results, in addition to the characteristics of the test itself (5). This
context will greatly influence the probability or likeliness of the test being positive before
the test is undertaken (pre-test probability). For example, a positive test result in individ-
uals who are close contacts of confirmed cases, or in individuals with symptoms sugges-
tive of COVID-19 can give a starkly different predictive value compared to a screening
test carried out on an asymptomatic individual undertaking for travel purposes (6).

A previous systematic review assessed the diagnostic accuracy and methodological
quality of studies evaluating rapid diagnostic tests for point-of-care antigen detection
as well as molecular-based tests (7). In this review, the authors stated that prospective
evaluations of rapid tests for COVID-19 infection in clinically relevant settings were
urgently needed. In addition, these studies did not include sufficient information on
relevant variables such as the patient's symptomatology and the time since symptom
onset or exposure, among others. Due to this lack of data, it is not possible to know
whether the results obtained can be applied in the different clinical scenarios, i.e.,
symptomatic, mildly symptomatic, asymptomatic, hospitalized, or for public health
use. The authors also concluded that these studies should conform to the Standards
for the Reporting of Diagnostic Accuracy Studies (STARD) guideline to enhance the
critical appraisal and reproducibility of the studies (8). Similar to other clinical studies,
diagnostic accuracy studies are at risk of bias, mainly due to methodological shortcom-
ings in the recruitment of participants, collection of data, execution or interpretation of
the test, or the analysis of the data. As a result of these biases, estimates of the sensitiv-
ity and specificity of the test compared to the reference standard may not be correct,
negatively affecting patient management and the healthcare system. STARDs guideline
was developed in 2003 and updated in 2015 to facilitate more complete and transpar-
ent reporting of diagnostic accuracy studies to reduce the probability of bias. This
guideline contains a checklist of items that should be reported in these studies.

Another more recent review that evaluated studies on the diagnostic accuracy of RT-
qPCR-based and other nucleic acid amplification tests showed that these studies had a
high risk of bias due to an incorrect study design (according to the aims). This review
also highlights the need to use standardized guidelines for study development (9).

These previous reviews focus on the evaluation of individual molecular diagnostic
tests applied to the diagnosis or detection of SARS-CoV-2. Given the limitations of mo-
lecular testing, a number of clinical tests are usually combined to obtain a final diagno-
sis. In addition, depending on the clinical setting, different diagnostic processes may
exist. For instance, in clinical practice, to achieve adequate diagnostic sensitivity and
specificity, a combination of molecular tests, to detect the presence of the virus, and
other diagnostic tests such as imaging or biochemical tests, is recommended (10).
Although according to a recent systematic review (11), the absence or presence of
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signs or symptoms were not sufficiently accurate to rule out or suspect COVID-19, com-
bining them with other tests could increase diagnostic accuracy.

Therefore, it is necessary to know the available evidence related to any diagnostic
strategy evaluated in practice before getting a molecular diagnosis to better detect
SARS-CoV-2 infection. Given the potential for biases shown in previous systematic
reviews on molecular tests aimed at detecting COVID-19, it is also necessary to assess
their adherence to the STARD guideline.

The aim of our study was to evaluate the available evidence on different diagnostic
strategies for identifying SARS-CoV-2 infection before the availability of molecular test
results, as well as the reporting quality of the available studies through the application
of the STARD guideline.

RESULTS
Search results. A total of 3,821 abstracts were reviewed. Of these, 170 studies were

included for full text review, and 23 (12–34) met the inclusion criteria (Fig. 1).
Characteristics of included articles. Table 1 shows the characteristics of the included

studies, which have been classified according to the type of population included: (i) Patients

FIG 1 Flow chart of the inclusion of articles in the systematic review, according to Preferred Reporting Items for Systematic Reviews and MetaAnalyses
(PRISMA) recommendations.
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with suspected SARS-CoV-2 infection (16, 69.6%) (12–27), (ii) Patients diagnosed with SARS-
CoV-2 (6, 26.1%) (28–33), and (iii) other studies (1, 4.3%) (34).

(i) Studies including symptomatic patients with suspected SARS-CoV-2 infec-
tion. Of the 16 studies which focused on symptomatic patients with suspected SARS-
CoV-2 infection (12–27), seven included techniques related with artificial intelligence
(AI) (12–18): five of them used a cohort study, either retrospective (12, 13, 17, 18) or
prospective (14), and two used a cross-sectional study (15, 16). The other nine studies
developed an algorithm (19, 24, 26) or a probability score (20–23, 25, 27) to diagnose
infection by SARS-CoV-2. Four of them used a cross-sectional study (22–25), four used
a retrospective cohort study (19–21, 26), and one used a prospective cohort study (27).
Most of the studies included symptomatic patients who were admitted to a hospital
due to suspected COVID-19; Trubiano JA et al.’s study (24) included patients assessed
for COVID-19 at a screening clinic due to symptoms (98.3%), contact with known
COVID-19-positive patient (17.3%), or those who had traveled abroad (24.6%), and
Elimian KO et al. (26) included symptomatic patients and also those concerned about
COVID-19 infection.

The sample sizes included in these studies ranged from 100 to 181,544 patients
(90,772 in the derivation set and 90,772 in the validation set).

Tables 2 and 3 show that the main variables included in the models were lympho-
cyte count (10/16 studies), imaging characteristics (CXR/CT) (9/16 studies), demo-
graphic characteristics (8/16 studies), and symptoms (7/16 studies). Other variables
were less likely to be included in the models: laboratory routine tests (4/16) and differ-
ent biochemical measurements (LDH, 6/16 studies; CRP, 6/16 studies; and ferritin, 4/16
studies). In addition, one of the studies (12) included in the diagnostic model the first
RT-qPCR result. The models showed different levels for area under the receiver operat-
ing characteristic curve (AUC) (ranged 53–97.4).

Three of the articles that used AI (12, 15, 18) and four of the studies that developed
an algorithm/probability score (19, 20, 26, 27) validated the developed model in an in-
dependent sample. In addition, other studies internally validated the model through
techniques such as the bootstrap technique (a statistical procedure that resamples a
single dataset to create many simulated samples) (21, 22, 24) or a k-fold cross-valida-
tion process (an approach that randomly divides the set of observations into k groups,
or folds, of approximately equal size; the first fold is treated as a validation set, and the
method is fit on the remaining k-1 folds) (13, 14, 17) (Table 1). In accordance with the
authors’ conclusions (Table 2), five of the nine studies that did not carry out an external
validation remarked the importance of further validation before the application of the
model to clinical practice (21–25). Aljame M et al. (16) carried out a validation of a pre-
vious score.

(ii) Studies including patients diagnosed with SARS-CoV-2 infection. Out of the
23 studies selected for the review, six included patients with a confirmed diagnosis by
RT-qPCR in a hospital setting (28–33). Three of the studies used a cross-sectional
design (29, 30, 32), one of the studies used a retrospective cohort design (28), one
study used an open-cohort design (31), and one was a case-control study (22). The
sample size ranged from 114 to 192,778 patients. Four studies used AI (29, 30, 32, 33);
Planted TB et al. (33) developed the model in a training set and validated it in an inde-
pendent set. Two studies internally validated the model through a k-fold cross valida-
tion process (30, 31).

Four of the six studies included whole blood tests and biochemical measurements
(Tables 2 and 4). Only two of the studies included demographic characteristics. Variables
such as imaging test characteristics (CXR/CT) were only included in the Gatti M, et al.’s
study (22). AUC levels were higher than those in the studies which included patients
with suspected SARS-CoV-2 infection (between 84.2 and 100).

(iii) Other studies. Banerjee A et al. (34) included patients who had samples col-
lected to perform the RT-qPCR technique during a visit to the hospital. However, they
did not include data related with patients’ clinical characteristics. They applied machine
learning and random forest (a supervised learning algorithm that randomly creates and

Diagnostic Strategies for Identifying SARS-CoV-2 Infection Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 9

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00300-22


TA
B
LE

2
D
es
cr
ip
ti
on

of
th
e
va
ria

b
le
s
in
cl
ud

ed
in

th
e
st
ud

y,
th
e
re
su
lt
s
ob

ta
in
ed

an
d
th
e
m
ai
n
co
nc

lu
si
on

s
of

th
e
st
ud

ya

Re
fe
re
n
ce

V
ar
ia
b
le
s/
te
st
s
in
cl
ud

ed
Re

fe
re
n
ce

st
an

d
ar
d

Re
su
lt
s

A
ut
h
or
s'
co

n
cl
us
io
n

Sy
m
p
to
m
at
ic
p
at
ie
nt
s
w
it
h

su
sp
ec
te
d
C
O
VI
D
19

in
fe
ct
io
n

G
uo

X
(1
2 )

C
T
sc
an

s;
p
ha

ry
ng

ea
ls
w
ab

sa
m
p
le
s
fo
rfi

rs
tR

T-
qP

C
R
an

al
ys
is
;b
lo
od

sa
m
p
le
s
(W

BC
,L
YC

,a
nd

LY
P)
;a
ge

,s
ex
,e
p
id
em

io
lo
gi
ca
lr
ec
or
d
an

d
cl
in
ic
al
sy
m
p
to
m
s
(f
ev
er
,s
or
e
th
ro
at
,c
ou

gh
,

fa
ti
gu

e)
.

Fi
rs
tR

T-
qP

C
R

A
n
in
te
gr
at
ed

m
ul
ti
-f
ea
tu
re

m
od

el
(R
T-
qP

C
R,
C
T

fe
at
ur
es
,a
nd

LY
P)

es
ta
b
lis
he

d
w
it
h
ra
nd

om
fo
re
st
al
go

rit
hm

sh
ow

ed
th
e
di
ag

no
st
ic

ac
cu
ra
cy

of
92

.0
%

(9
5%

C
I:
73

.9
-9

9.
1)

in
th
e

tr
ai
ni
ng

se
t,
an

d
96

.6
%

(9
5%

C
I:
79

.6
-9

9.
9)

in
th
e
in
te
rn
al
va
lid

at
io
n
co
ho

rt
.T
he

m
od

el
al
so

p
er
fo
rm

ed
w
el
li
n
th
e
ex
te
rn
al
va
lid

at
io
n
co
ho

rt
w
it
h
an

A
U
C
of

93
(9
5%

C
I:
79

-1
00

).

Th
e
de

ve
lo
p
ed

m
ul
ti
va
ria

te
m
od

el
b
as
ed

on
m
ac
hi
ne

le
ar
ni
ng

te
ch

ni
qu

es
co
ul
d
b
e
an

ef
fi
ci
en

tt
oo

lf
or

C
O
VI
D
-1
9
sc
re
en

in
g
in

no
ne

nd
em

ic
re
gi
on

s
w
it
h
a
hi
gh

ra
te

of
in
fl
ue

nz
a
an

d
C
A
P
in

th
e
p
os
t-
C
O
VI
D
-1
9
er
a.

La
ng

er
T
(1
3 )

A
ge

,g
en

de
r,
p
re
se
nc

e
an

d
ty
p
e
of

co
m
or
b
id
it
ie
s,

re
p
or
te
d
sy
m
p
to
m
s.
Vi
ta
ls
ig
ns

up
on

ad
m
is
si
on

to
th
e
ED

(fi
rs
tm

ea
su
re
m
en

t)
,p

re
se
nc

e
an

d
ty
p
e
of

ve
nt
ila
to
ry

su
p
p
or
t,
ro
ut
in
el
y
p
er
fo
rm

ed
b
lo
od

te
st
s,
m
aj
or

el
ec
tr
oc
ar
di
og

ra
p
hi
c

ch
ar
ac
te
ris
ti
cs

(p
re
se
nc

e
of

si
nu

s
rh
yt
hm

an
d
ST

ab
no

rm
al
it
ie
s)
an

d
C
X
R
(p
re
se
nc

e
of

an
y
ty
p
e
of

p
ar
en

ch
ym

al
in
vo

lv
em

en
t,
p
re
se
nc

e
of

p
le
ur
al

ef
fu
si
on

)

RT
-q
PC

R
Th

e
b
es
tM

ac
hi
ne

Le
ar
ni
ng

Sy
st
em

re
ac
he

d
an

ac
cu
ra
cy

of
91

.4
%

w
it
h
94

.1
%

se
ns
it
iv
it
y
an

d
88

.7
%

sp
ec
ifi
ci
ty
.

Ba
si
c
cl
in
ic
al
da

ta
m
ig
ht

b
e
su
ffi
ci
en

tf
or

p
ro
p
er
ly

tr
ai
ne

d
al
go

rit
hm

s
to

p
re
di
ct
w
it
h
go

od
ac
cu
ra
cy

th
e
p
os
it
iv
it
y
an

d
ne

ga
ti
vi
ty

to
SA

RS
-

C
oV

-2
.

H
er
m
an

s
JJ
R
(1
4 )

C
X
R
(c
la
ss
ifi
ed

ac
co
rd
in
g
to

th
e
C
O
-R
A
D
S

cl
as
si
fi
ca
ti
on

),
fe
rr
it
in
,l
eu

co
cy
te

co
un

t,
C
K,

p
re
se
nc

e
of

di
ar
rh
ea

an
d
no

.o
fd

ay
s
si
nc

e
on

se
t

of
di
se
as
e.

RT
-q
PC

R
Th

e
p
re
di
ct
io
n
m
od

el
w
it
h
C
O
-R
A
D
S,
fe
rr
it
in
,

le
uc
oc
yt
e
co
un

t,
C
K,
da

ys
of

co
m
p
la
in
ts
,a
nd

di
ar
rh
ea

as
p
re
di
ct
or
s
ha

d
a
se
ns
it
iv
it
y,

sp
ec
ifi
ci
ty
,P
PV

,a
nd

N
PV

of
89

.3
%
,9
3.
4%

,9
0.
8%

,
an

d
92

.3
%
,r
es
p
ec
ti
ve
ly
.A

U
C
=
93

.4
%

C
om

b
in
in
g
a
p
re
di
ct
iv
e
m
ac
hi
ne

le
ar
ni
ng

m
od

el
co
ul
d
fu
rt
he

ri
m
p
ro
ve

th
e
ac
cu
ra
cy

of
di
ag

no
st
ic
ch

es
tC

T
fo
rC

O
VI
D
-1
9.
Fu

rt
he

r
ca
nd

id
at
e
p
re
di
ct
or
s
sh
ou

ld
b
e
an

al
yz
ed

to
im

p
ro
ve

ou
rm

od
el
.H

ow
ev
er
,R
T-
PC

R
sh
ou

ld
re
m
ai
n
th
e
p
rim

ar
y
st
an

da
rd

of
te
st
in
g
as

up
to

9%
of

RT
-P
C
R
p
os
it
iv
e
p
at
ie
nt
s
ar
e
no

t
di
ag

no
se
d
b
y
ch

es
tC

T
or

ou
rm

ac
hi
ne

le
ar
ni
ng

m
od

el
.

Ya
ng

H
S
(1
5 )

Pa
ti
en

td
em

og
ra
p
hi
c
fe
at
ur
es

(a
ge

,s
ex
,r
ac
e)

w
it
h

27
ro
ut
in
e
la
b
or
at
or
y
te
st
s

RT
-q
PC

R
Th

e
m
od

el
ac
hi
ev
ed

an
ar
ea

un
de

rt
he

A
U
C
of

85
.4

(9
5%

C
I:
82

.9
-8
7.
8)
.

Th
is
m
od

el
em

p
lo
yi
ng

ro
ut
in
e
la
b
or
at
or
y
te
st

re
su
lt
s
of
fe
rs
op

p
or
tu
ni
ti
es

fo
re

ar
ly
an

d
ra
p
id

id
en

ti
fi
ca
ti
on

of
hi
gh

-r
is
k
SA

RS
-C
oV

-2
in
fe
ct
ed

p
at
ie
nt
s
b
ef
or
e
th
ei
rR

T-
PC

R
re
su
lt
s
ar
e

av
ai
la
b
le
.

A
lJ
am

e
M

(1
6 )

C
lin

ic
al
te
st
s:
A
ST
,A

LT
,W

BC
,p
la
te
le
ts
,C

RP
,A

LP
,

LD
H
,m

on
oc
yt
es
,g
en

de
r,
ag

e.
RT

-q
PC

R
Ex
p
er
im

en
ta
lr
es
ul
ts
sh
ow

th
at

th
e
p
ro
p
os
ed

D
F

m
od

el
ha

s
an

ac
cu
ra
cy

of
99

.5
%
,s
en

si
ti
vi
ty

of
95

.2
8%

,a
nd

sp
ec
ifi
ci
ty

of
99

.9
6%

.

Th
es
e
p
er
fo
rm

an
ce

m
et
ric

s
ar
e
co
m
p
ar
ab

le
to

ot
he

rw
el
l-e

st
ab

lis
he

d
m
ac
hi
ne

le
ar
ni
ng

te
ch

ni
qu

es
,a
nd

he
nc

e,
D
F
m
od

el
ca
n
se
rv
e
as

a
fa
st
-s
cr
ee

ni
ng

to
ol

fo
rC

O
VI
D
-1
9
p
at
ie
nt
s
at

p
la
ce
s
w
he

re
te
st
in
g
is
sc
ar
ce
.

Ts
ch

oe
lli
ts
ch

T
(1
7 )

St
an

da
rd

la
b
or
at
or
y
va
lu
es
:b
lo
od

co
un

t,
el
ec
tr
ol
yt
es
,C

-r
ea
ct
iv
e
p
ro
te
in
,c
re
at
in
in
e,
b
lo
od

ur
ea

ni
tr
og

en
,l
iv
er

en
zy
m
es
,b
ili
ru
b
in
,

ch
ol
in
es
te
ra
se
,a
nd

p
ro
th
ro
m
b
in

ti
m
e.

RT
-q
PC

R
Th

e
m
ac
hi
ne

le
ar
ni
ng

m
od

el
co
ul
d
p
re
di
ct
SA

RS
-

C
oV

-2
te
st
re
su
lt
s
w
it
h
an

ac
cu
ra
cy

of
86

%
an

d
an

ar
ea

un
de

rt
he

RO
C
of

0.
74

.

M
ac
hi
ne

le
ar
ni
ng

m
et
ho

ds
ca
n
re
lia
b
ly
p
re
di
ct

a
ne

ga
ti
ve

SA
RS

-C
oV

-2
RT

-P
C
R
te
st
re
su
lt
us
in
g

st
an

da
rd

b
lo
od

te
st
s

D
u
R
(1
8 )

Se
x,
ag

e,
la
b
or
at
or
y
da

ta
:h
em

og
lo
b
in
,h
em

at
oc
rit
,

w
hi
te

b
lo
od

ce
lls
,l
ym

p
ho

cy
te
s,
m
on

oc
yt
e,

ne
ut
ro
p
hi
l,
p
la
te
le
t,
C
RP

,L
D
H
,a
nd

ch
es
t

ra
di
og

ra
p
hs
.

RT
-q
PC

R
Fo

rp
re
di
ct
in
g
SA

RS
-C
oV

-2
in
fe
ct
io
n,
th
e
M
L
m
od

el
ac
hi
ev
ed

hi
gh

A
U
C
s
an

d
sp
ec
ifi
ci
ty

b
ut

lo
w

se
ns
it
iv
it
y
in

al
lt
hr
ee

va
lid

at
io
n
se
ts
(A
U
C
:8
9.
9–

95
.8
%
;s
en

si
ti
vi
ty
:5
5.
5–

77
.8
%
;s
p
ec
ifi
ci
ty
:9
1.
5–

98
.3
%
).
W
he

n
us
ed

in
ad

ju
nc

ti
on

w
it
h

ra
di
ol
og

is
ti
nt
er
p
re
ta
ti
on

s
of

ch
es
tr
ad

io
gr
ap

hs
,

th
e
se
ns
it
iv
it
y
w
as

ov
er

90
%

w
hi
le
ke
ep

in
g

m
od

er
at
e
sp
ec
ifi
ci
ty
.

Th
e
st
ud

y
sh
ow

ed
th
at

m
ac
hi
ne

le
ar
ni
ng

m
od

el
b
as
ed

on
re
ad

ily
av
ai
la
b
le
la
b
or
at
or
y
m
ar
ke
rs

co
ul
d
ac
hi
ev
e
hi
gh

ac
cu
ra
cy

in
p
re
di
ct
in
g
SA

RS
-

C
oV

-2
in
fe
ct
io
n.

(C
on

ti
nu

ed
on

ne
xt

p
ag

e)

Diagnostic Strategies for Identifying SARS-CoV-2 Infection Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 10

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00300-22


TA
B
LE

2
(C
on

ti
nu

ed
)

Re
fe
re
n
ce

V
ar
ia
b
le
s/
te
st
s
in
cl
ud

ed
Re

fe
re
n
ce

st
an

d
ar
d

Re
su
lt
s

A
ut
h
or
s'
co

n
cl
us
io
n

Ku
rs
tj
en

s
S
(1
9 )

La
b
or
at
or
y
m
ea
su
re
m
en

ts
(C
RP

,A
LC

,A
N
C
,L
D
H

an
d
fe
rr
it
in
),
ag

e,
se
x
an

d
C
X
R/
C
T

RT
-q
PC

R
Th

e
co
ro
na

-s
co
re

m
od

el
yi
el
de

d
an

A
U
C
of

91
%

in
th
e
va
lid

at
io
n
p
op

ul
at
io
n.

Th
e
co
ro
na

-s
co
re

p
ro
vi
de

s
th
e
m
ea
ns

fo
rm

ed
ic
al

p
ro
fe
ss
io
na

ls
to

ra
p
id
ly
ev
al
ua

te
SA

RS
-C
oV

-2
in
fe
ct
io
n
st
at
us

of
p
at
ie
nt
s
p
re
se
nt
in
g
at

th
e
ED

w
it
h
re
sp
ira

to
ry

sy
m
p
to
m
s.

To
rd
jm

an
M

(2
0 )

D
em

og
ra
p
hi
c
ch

ar
ac
te
ris
ti
cs
,c
om

or
b
id
it
ie
s

(h
yp

er
te
ns
io
n,
re
sp
ira

to
ry

di
se
as
es

[a
st
hm

a,
C
O
PD

],
im

m
un

od
efi

ci
en

cy
,r
en

al
in
su
ffi
ci
en

cy
),

cl
in
ic
al
sy
m
p
to
m
s
(c
ou

gh
,f
ev
er
,h
ea
da

ch
e,

di
ar
rh
ea
,a
no

sm
ia
,a
ge

us
ia
,o
xy
ge

n
de

sa
tu
ra
ti
on

),
an

d
b
io
lo
gi
ca
lt
es
ts
(W

BC
,s
er
um

el
ec
tr
ol
yt
es

an
d
RP

)

RT
-q
PC

R
an

d/
or

C
T-
sc
an

sh
ow

in
g

si
gn

s
of

C
O
VI
D
-1
9

p
ne

um
on

ia

In
th
e
m
ul
ti
va
ria

te
an

al
ys
is
,l
ym

p
ho

cy
te

(,
1.
3
G
/L
),

eo
si
no

p
hi
l(
,
0.
06

G
/L
),
b
as
op

hi
l(
,
0.
04

G
/L
)

an
d
ne

ut
ro
p
hi
lc
ou

nt
s
(,

5
G
/L
)w

er
e
as
so
ci
at
ed

w
it
h
hi
gh

p
ro
b
ab

ili
ty

of
SA

RS
-C
oV

-2
in
fe
ct
io
n,

b
ut

no
cl
in
ic
al
va
ria

b
le
w
as

st
at
is
ti
ca
lly

si
gn

ifi
ca
nt
.T
he

sc
or
e
ha

d
a
go

od
p
er
fo
rm

an
ce

in
th
e
va
lid

at
io
n
co
ho

rt
(A
U
C
=
91

.8
(C
I:
[8
9.
1–

94
.6
];
ST
D
=
0.
01

4)
w
it
h
a
Po

si
ti
ve

Pr
ed

ic
ti
ve

Va
lu
e
of

hi
gh

-p
ro
b
ab

ili
ty

sc
or
e
of

93
%

(9
5%

C
I:

[8
9–

96
])
.L
ow

-p
ro
b
ab

ili
ty

sc
or
e
ex
cl
ud

ed
SA

RS
-

C
oV

-2
in
fe
ct
io
n
w
it
h
a
N
eg

at
iv
e
Pr
ed

ic
ti
ve

Va
lu
e

of
98

%
(9
5%

C
I:
[9
3–

99
])
.

Th
e
PA

RI
S
sc
or
e
ha

s
a
go

od
p
er
fo
rm

an
ce

to
ca
te
go

riz
e
th
e
p
re
-t
es
tp

ro
b
ab

ili
ty

of
SA

RS
-C

oV
-

2
in
fe
ct
io
n
b
as
ed

on
co
m
p
le
te

w
hi
te

b
lo
od

ce
ll

co
un

t.
It
co
ul
d
he

lp
cl
in
ic
ia
ns

ad
ap

tt
es
ti
ng

an
d

fo
rr
ap

id
tr
ia
ge

of
p
at
ie
nt
s
b
ef
or
e
te
st
re
su
lt
s.

G
up

ta
-W

rig
ht

A
(2
1 )

D
em

og
ra
p
hi
c
ch

ar
ac
te
ris
ti
cs

(a
ge

,s
ex
,e
th
ni
ci
ty
),

C
X
R,
cl
in
ic
al
sy
m
p
to
m
s
as
so
ci
at
ed

w
it
h
C
O
VI
D
-

19
(c
ou

gh
,f
ev
er

or
sh
or
tn
es
s
of

b
re
at
h)
,v
it
al

si
gn

s
(N
EW

S
2
an

d
la
b
or
at
or
y
b
lo
od

s
(C
RP

an
d

ar
te
ria

l/
ve
no

us
b
lo
od

ga
s)

Pa
ti
en

ts
w
it
h
a

p
os
it
iv
e

SA
RS

-C
oV

-2
RT

-q
PC

R
w
it
hi
n
7
da

ys
b
ef
or
e
or

af
te
rt
he

da
te

of
ad

m
is
si
on

an
d
ha

d
a

di
sc
ha

rg
e

di
ag

no
si
s
of

C
O
VI
D
-1
9.

Th
e
fo
llo

w
in
g
va
ria

b
le
s:
ag

e,
se
x,
et
hn

ic
it
y,
co
ug

h,
fe
ve
ro

rs
ho

rt
ne

ss
of

b
re
at
h,
N
EW

2,
C
RP

,a
nd

C
X
R
ap

p
ea
ra
nc

e
ha

d
m
od

er
at
e
di
sc
rim

in
at
io
n

(A
U
C
83

%
,9
5%

C
I8
2
–
85

%
),
go

od
ca
lib

ra
ti
on

an
d
w
as

in
te
rn
al
ly
va
lid

at
ed

.

D
ia
gn

os
ti
c
ris
k
sc
or
es

co
ul
d
p
ot
en

ti
al
ly
he

lp
tr
ia
ge

p
at
ie
nt
s
re
qu

iri
ng

ad
m
is
si
on

b
ut

ne
ed

ex
te
rn
al

va
lid

at
io
n.

Vi
ec
el
iT

(2
2 )

C
lin

ic
al
ch

ar
ac
te
ris
ti
cs
,P
SI
/P
O
RT

sc
or
e,

co
m
or
b
id
it
ie
s,
la
b
or
at
or
y
fi
nd

in
gs

an
d

ra
di
og

ra
p
hi
c
fi
nd

in
gs
.

RT
-q
PC

R
Va

ria
b
le
s
as
so
ci
at
ed

w
it
h
C
O
VI
D
-1
9
di
ag

no
si
s
in

m
ul
ti
va
ria

te
an

al
ys
is
w
er
e
le
uk

oc
yt
e
co
un

t
#
7.
7
�
10

3
m
m
–3

,L
D
H
.
27

3U
/L
,a
nd

C
X
R

ab
no

rm
al
it
y.
A
ft
er

b
oo

ts
tr
ap

p
in
g,
th
e
co
rr
ec
te
d

A
U
C
fo
rt
hi
s
m
od

el
w
as

82
.7
(9
5%

C
I7
5–

90
).

Th
is
p
re
di
ct
iv
e
sc
or
e
th
at

ca
n
b
e
ea
si
ly
ap

p
lie
d
in

cl
in
ic
al
p
ra
ct
ic
e,
b
ut

it
is
ye
tt
o
b
e
va
lid

at
ed

in
la
rg
er

p
op

ul
at
io
ns
.

Pa
rd
o
Ll
ed

ia
s
J
(2
3 )

Ep
id
em

io
lo
gi
ca
lc
on

ta
ct
,c
lin

ic
al
p
re
se
nt
at
io
n
as

p
ne

um
on

ia
,a
b
se
nc

e
of

p
ne

um
on

ia
in

th
e
la
st

yr
,o
ns
et

of
sy
m
p
to
m
s
.

7
da

ys
,t
w
o
or

m
or
e
of

th
e
fo
llo

w
in
g
sy
m
p
to
m
s
-d
ys
p
ne

a,
co
ug

h
or

fe
ve
r-
an

d
se
ru
m

la
ct
at
e
de

hy
dr
og

en
as
e
le
ve
ls

.
35

0
U
/L

(p
,

0.
05

).

RT
-q
PC

R
A
sc
or
e
b
as
ed

on
th
e
in
de

p
en

de
nt

va
ria

b
le
s

yi
el
de

d
an

A
U
C
-R
O
C
of

89
(C
I9
5%

,8
3.
1–

94
.6
;

p
,

0.
00

1)
.T
he

ac
cu
ra
cy

of
th
e
fi
rs
t

na
so
p
ha

ry
ng

ea
ls
w
ab

s
w
as

54
.9
%
.R
ep

ea
ti
ng

na
so
p
ha

ry
ng

ea
ls
w
ab

s
tw

o
or

th
re
e
ti
m
es

al
lo
w
s

to
de

te
ct
an

ad
di
ti
on

al
16

%
of

p
os
it
iv
e
ca
se
s.

Th
e
ov

er
al
la
cc
ur
ac
y
of

su
cc
es
si
ve

RT
-P
C
R
te
st
s

in
p
at
ie
nt
s
w
it
h
lo
w
p
re
-t
es
tp

ro
b
ab

ili
ty

w
as

,
5%

.

Th
e
p
re
-t
es
tp

ro
b
ab

ili
ty

sc
or
e
b
as
ed

on
ep

id
em

io
lo
gi
ca
la
nd

cl
in
ic
al
da

ta
sh
ow

ed
a
hi
gh

ac
cu
ra
cy

fo
rd

ia
gn

os
is
of

SA
RS

-C
oV

-2
.R
ep

ea
ti
ng

na
so
p
ha

ry
ng

ea
ls
w
ab

s
av
oi
ds

sa
m
p
lin

g
er
ro
rs
,

b
ut

on
ly
in

m
ed

iu
m

of
hi
gh

p
ro
b
ab

ili
ty

p
re
-t
es
t

cl
in
ic
al
sc
en

ar
io
s.

Th
is
sc
or
e
sh
ou

ld
b
e
ex
te
rn
al
ly
va
lid

at
ed

.

Tr
ub

ia
no

JA
(2
4 )

C
lin

ic
al
da

ta
fr
om

th
e
da

ta
co
lle
ct
io
n
to
ol

(b
as
el
in
e

de
m
og

ra
p
hi
cs
,c
lin

ic
al
sy
m
p
to
m
s,
cl
in
ic
al

ob
se
rv
at
io
ns
)

RT
-q
PC

R
Th

e
7
fe
at
ur
es

as
so
ci
at
ed

w
it
h
a
p
os
it
iv
e
C
O
VI
D
-1

9
te
st
on

m
ul
ti
va
ria

b
le
an

al
ys
is
w
er
e:
C
O
VI
D
-1
9

p
at
ie
nt

ex
p
os
ur
e
or

in
te
rn
at
io
na

lt
ra
ve
l,

m
ya
lg
ia
/m

al
ai
se
,a
no

sm
ia
or

ag
eu

si
a,

te
m
p
er
at
ur
e,
co
ry
za
/s
or
e
th
ro
at
,h
yp

ox
ia
–

ox
yg

en
sa
tu
ra
ti
on

,
97

%
,6
5
yr
s
or

ol
de

r.
In
te
rn
al
va
lid

at
io
n
sh
ow

ed
an

A
U
C
of

83
.6
.

Th
e
cl
in
ic
al
de

ci
si
on

ru
le
,C

O
VI
D
-M

A
TC

H
65

ha
s
a

hi
gh

se
ns
it
iv
it
y
an

d
ne

ga
ti
ve

p
re
di
ct
iv
e
va
lu
e
fo
r

SA
RS

-C
oV

-2
an

d
ca
n
b
e
em

p
lo
ye
d
in

th
e

p
an

de
m
ic
,a
dj
us
te
d
fo
rd

is
ea
se

p
re
va
le
nc

e,
to

ai
d
C
O
VI
D
-1
9
ris
k-
as
se
ss
m
en

ta
nd

vi
ta
lt
es
ti
ng

re
so
ur
ce

al
lo
ca
ti
on

.A
ut
ho

rs
en

co
ur
ag

e
re
ad

er
s

to
ur
ge

nt
ly
em

p
lo
y
an

d
va
lid

at
e
C
O
VI
D
-

M
A
TC

H
65

in
th
ei
ro

w
n
da

ta
se
ts
.

(C
on

ti
nu

ed
on

ne
xt

p
ag

e)

Diagnostic Strategies for Identifying SARS-CoV-2 Infection Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 11

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00300-22


TA
B
LE

2
(C
on

ti
nu

ed
)

Re
fe
re
n
ce

V
ar
ia
b
le
s/
te
st
s
in
cl
ud

ed
Re

fe
re
n
ce

st
an

d
ar
d

Re
su
lt
s

A
ut
h
or
s'
co

n
cl
us
io
n

A
hm

ed
S
(2
5 )

Bi
oc
he

m
ic
al
da

ta
(s
er
um

LD
H
,C

RP
an

d
fe
rr
it
in
),

he
m
at
ol
og

ic
al
da

ta
(a
b
so
lu
te

ne
ut
ro
p
hi
la
nd

ly
m
p
ho

cy
te

co
un

t)
an

d
im

ag
in
g
da

ta
(p
re
se
nc

e
of

in
fi
lt
ra
te
s
on

ch
es
tX

-r
ay
).

RT
-q
PC

R
Th

e
A
U
C
of

C
or
on

a-
Sc
or
e
in

ou
rp

op
ul
at
io
n
of

p
at
ie
nt
s
w
as

0.
59

(9
5%

C
I:
0.
45

–0
.7
4)
.U

si
ng

th
e

cu
t-
of
fv
al
ue

s
of

4
or
ig
in
al
ly
id
en

ti
fi
ed

b
y

Ku
rs
tj
en

s
et

al
.f
or

th
ei
rs
tu
dy

p
op

ul
at
io
n,
th
e

m
od

el
di
sp
la
ye
d
43

.3
%

se
ns
it
iv
it
y
an

d
70

%
sp
ec
ifi
ci
ty

w
it
h
an

ov
er
al
la
cc
ur
ac
y
of

56
.6
7%

.

C
or
on

a
Sc
or
e
is
an

ea
sy
-t
o-
us
e
al
go

rit
hm

fo
r

id
en

ti
fi
ca
ti
on

of
C
O
VI
D
-1
9
p
at
ie
nt
s
w
it
h

re
sp
ira

to
ry

sy
m
p
to
m
s
an

d
ne

ed
s
to

b
e
fu
rt
he

r
va
lid

at
ed

on
a
b
ig
ge

rs
am

p
le
si
ze
.L
ar
ge

m
ul
ti
-

ce
nt
er

st
ud

ie
s
ac
ro
ss

th
e
co
un

tr
y
ar
e
in

di
re

ne
ed

of
ti
m
e
to

ev
al
ua

te
th
e
sc
or
e
in

ov
er
ly
.

El
im

ia
n
KO

(2
6 )

C
lin

ic
al
si
gn

s
an

d
sy
m
p
to
m
s:
ch

ill
s/
sw

ea
t;
co
ug

h;
b
re
at
hi
ng

di
ffi
cu
lt
y;
ra
p
id

b
re
at
hi
ng

;r
un

ny
no

se
;

ab
do

m
in
al
p
ai
n/
di
ar
rh
ea
;g
as
tr
oi
nt
es
ti
na

l
sy
m
p
to
m
s;
ch

es
tp

ai
n;
fa
ti
gu

e;
he

ad
ac
he

;
m
us
cu
lo
sk
el
et
al
p
ai
n;
so
re

th
ro
at
;l
os
s
of

ta
st
e;

lo
ss

of
sm

el
l;
fe
ve
r.

RT
-q
PC

R
Be

st
in
di
vi
du

al
sy
m
p
to
m

p
re
di
ct
or

of
C
O
VI
D
-1
9

p
os
it
iv
it
y
w
as

lo
ss

of
sm

el
li
n
ch

ild
re
n
(A
U
RO

C
0.
56

,9
5%

;C
I0
.5
5
to

0.
56

),
ei
th
er

fe
ve
ro

rc
ou

gh
in

ad
ul
ts
(A
U
RO

C
0.
57

,9
5%

;C
I0
.5
6
to

0.
58

)a
nd

di
ffi
cu
lt
y
in

b
re
at
hi
ng

in
th
e
el
de

rly
(A
U
RO

C
0.
53

,9
5%

;C
I0
.4
8
to

0.
58

)p
at
ie
nt
s.

Th
e
p
re
di
ct
iv
e
ca
p
ac
it
y
of

va
rio

us
sy
m
p
to
m

sc
or
es

fo
rC

O
VI
D
-1
9
p
os
it
iv
it
y
w
as

p
oo

ro
ve
ra
ll.

H
ow

ev
er
,t
he

fi
nd

in
gs

co
ul
d
se
rv
e
as

an
ad

vo
ca
cy

to
ol

fo
rm

or
e
in
ve
st
m
en

ts
in

re
so
ur
ce
s

fo
rc
ap

ac
it
y
st
re
ng

th
en

in
g
of

m
ol
ec
ul
ar

te
st
in
g

fo
rC

O
VI
D
-1
9
in

N
ig
er
ia
.

M
cR
ae

A
D
(2
7 )

D
em

og
ra
p
hi
cs
:a
ge

,s
ex
,a
rr
iv
al
fr
om

(h
om

e
1

ot
he

r,
si
ng

le
ro
om

1
no

fi
xe
d
ad

dr
es
s
1

sh
el
te
r,

in
st
it
ut
io
na

ll
iv
in
g,
in
te
r-
ho

sp
it
al
tr
an

sf
er
),

in
fe
ct
io
n
ris
k,
em

er
ge

nc
y
de

p
ar
tm

en
tv

ar
ia
b
le
s,

C
O
VI
D
sy
m
p
to
m
s,
7-
da

y
av
g
in
ci
de

nt
C
O
VI
D
-1
9

ca
se
s

N
A
A
T

Th
e
sc
or
e
ha

d
a
c-
st
at
is
ti
c
of

0.
83

8
w
it
h
ex
ce
lle
nt

ca
lib

ra
ti
on

.
Sc
or
e
cu
t-
of
fs
w
er
e
id
en

ti
fi
ed

th
at

ca
n
ru
le
-in

or
ru
le
-o
ut

SA
RS

-C
oV

-2
in
fe
ct
io
n
w
it
ho

ut
th
e
ne

ed
fo
r

nu
cl
ei
c
ac
id

te
st
in
g
w
it
h
97

.4
%

se
ns
it
iv
it
y
(9
5%

C
I

96
.4
to

98
.3
)a
nd

95
.9
%

sp
ec
ifi
ci
ty

(9
5%

C
I9
5.
5
to

96
.0
).

Th
e
sc
or
e
ca
n
id
en

ti
fy
p
at
ie
nt
s
at

su
ffi
ci
en

tl
y
hi
gh

ris
k
of

SA
RS

-C
oV

-2
in
fe
ct
io
n
to

w
ar
ra
nt

is
ol
at
io
n

an
d
em

p
iri
ca
lt
he

ra
p
y
p
rio

rt
o
te
st
co
nfi

rm
at
io
n

w
hi
le
al
so

id
en

ti
fy
in
g
p
at
ie
nt
s
at

su
ffi
ci
en

tl
y
lo
w

ris
k
of

in
fe
ct
io
n
th
at

th
ey

m
ay

no
tn

ee
d
te
st
in
g

C
on

fi
rm

ed
C
O
VI
D
19

in
fe
ct
io
n

G
at
ti
M

(2
8 )

C
om

or
b
id
it
ie
s
(p
re
se
nc

e
of

ca
rd
ia
c
di
se
as
e,

di
ab

et
es
,o
b
es
it
y,
hy

p
er
te
ns
io
n,
sm

ok
e
hi
st
or
y,

A
C
Ei
/S
ar
ta
n
or

FA
N
S
th
er
ap

y)
,C

lin
ic
al
da

ta
(f
ev
er
,c
ou

gh
,r
hi
ni
ti
s,
dy

sp
ne

a,
p
ha

ry
ng

od
yn

ia
,

m
ya
lg
ia
s,
as
th
en

ia
,c
on

ju
nc

ti
vi
ti
s,
he

ad
ac
he

,
na

us
ea
,v
om

it
an

d
di
ar
rh
ea
),
la
b
or
at
or
y
da

ta
(W

BC
,C

RP
,L
D
H
,h
ep

at
ic
en

zy
m
es
,C

K,
b
lo
od

’s
p
H
,P
aC

O
2)

an
d
C
X
R.

RT
-q
PC

R
Th

e
RO

C
cu
rv
e
p
ro
ce
du

re
de

te
rm

in
ed

th
at

C
X
R1

w
as

as
so
ci
at
ed

w
it
h
LD

H
.

50
0
U
I/
L

(A
U
C
=
87

.8
%
),
C
RP

.
30

m
g/
L
(A
U
C
=
83

.0
%
)

an
d
in
te
rv
al
b
et
w
ee

n
th
e
on

se
to

fs
ym

p
to
m
s

an
d
th
e
ex
ec
ut
io
n
of

C
X
R
.

4
da

ys
(A
U
C
=
75

.0
%
).
Th

e
p
re
se
nc

e
of

tw
o
ou

to
ft
hr
ee

of
th
e
ab

ov
e-
m
en

ti
on

ed
p
re
di
ct
or
s
re
su
lt
ed

in
C
X
R1

in
92

.5
%

of
ca
se
s,
w
he

re
as

th
ei
ra

b
se
nc

e
in

7.
4%

.

C
X
R
ha

s
a
lo
w
se
ns
it
iv
it
y.
LD

H
,C

RP
an

d
in
te
rv
al

b
et
w
ee

n
th
e
on

se
to

fs
ym

p
to
m
s
an

d
th
e

ex
ec
ut
io
n
of

C
X
R
ar
e
m
aj
or

p
re
di
ct
or
s
fo
ra

p
os
it
iv
e
C
X
R.

G
ór
ek
e
V
(2
9 )

La
b
or
at
or
y
te
st
s
ro
ut
in
el
y
co
lle
ct
ed

,a
ge

,r
ac
e,
se
x,

an
d
di
se
as
e
se
ve
rit
y
su
b
gr
ou

p
s.

RT
-q
PC

R
A
de

ve
lo
p
m
en

ta
nd

ex
te
rn
al
va
lid

at
io
n
st
ud

y
of

a
m
ac
hi
ne

le
ar
ni
ng

m
od

el
fo
rC

O
VI
D
-1
9
st
at
us

us
in
g
la
b
or
at
or
y
te
st
s
ro
ut
in
el
y
co
lle
ct
ed

in
ad

ul
tE

D
p
at
ie
nt
s
fo
un

d
hi
gh

di
sc
rim

in
at
io
n

ac
ro
ss

ag
e,
ra
ce
,s
ex
,a
nd

di
se
as
e
se
ve
rit
y

su
b
gr
ou

p
s.
Th

e
A
U
RO

C
fo
rt
he

tr
ai
ni
ng

an
d

ex
te
rn
al
va
lid

at
io
n
da

ta
se
tw

as
91

%
(9
5%

C
I

90
%
–9

2%
).

A
m
ac
hi
ne

le
ar
ni
ng

m
od

el
de

ve
lo
p
ed

w
it
h

m
ul
ti
ce
nt
er

cl
in
ic
al
da

ta
in
te
gr
at
in
g
co
m
m
on

ly
co
lle
ct
ed

ED
la
b
or
at
or
y
da

ta
de

m
on

st
ra
te
d
hi
gh

ru
le
-o
ut

ac
cu
ra
cy

fo
rC

O
VI
D
-1
9
st
at
us

an
d
m
ig
ht

in
fo
rm

se
le
ct
iv
e
us
e
of

PC
R-
b
as
ed

te
st
in
g.

A
rp
ac
iI
(3
0 )

La
b
or
at
or
y
da

ta
:h
em

at
oc
rit
,h
em

og
lo
b
in
,

p
la
te
le
ts
,r
ed

b
lo
od

ce
lls
,l
ym

p
ho

cy
te
s,

le
uk

oc
yt
es
,b
as
op

hi
ls
,e
os
in
op

hi
ls
,m

on
oc
yt
es
,

se
ru
m

gl
uc
os
e,
ne

ut
ro
p
hi
ls
,u
re
a,
C
RP

,
cr
ea
ti
ni
ne

,p
ot
as
si
um

,s
od

iu
m
,A

SL
,A

SP
.

RT
-q
PC

R
C
la
ss
ifi
ca
ti
on

p
er
fo
rm

an
ce

in
di
ca
to
rs
w
er
e

ob
ta
in
ed

as
ac
cu
ra
cy

of
94

.9
5%

,F
1-
sc
or
e
of

94
.9
8%

,p
re
ci
si
on

of
94

.9
8%

,r
ec
al
lo

f9
4.
98

%
an

d
A
U
C
of

10
0%

.

Pr
op

os
ed

m
et
ho

d
sh
ow

s
su
p
er
io
rp

er
fo
rm

an
ce

an
d
ca
n
p
ro
vi
de

m
or
e
co
nv

en
ie
nc

e
an

d
p
re
ci
si
on

to
ex
p
er
ts
fo
rd

ia
gn

os
is
of

C
O
VI
D
-1
9

di
se
as
e.

M
ar
at
eb

H
R
(3
1 )

La
b
or
at
or
y
da

ta
:w

hi
te

b
lo
od

ce
ll
co
un

t,
ne

ut
ro
p
hi
l,
ly
m
p
ho

cy
te
,m

on
oc
yt
es
,e
os
in
op

hi
l,

b
as
op

hi
ls
,n
eu

tr
op

hi
l-l
ym

p
ho

cy
te
,l
ym

p
ho

cy
te
/

m
on

oc
yt
e,
he

m
og

lo
b
in
,h
em

at
oc
rit
,m

ea
n
re
d

b
lo
od

ce
ll
vo

lu
m
e,
p
la
te
le
t,
th
ro
m
b
oc
yt
oc
rit

an
d

p
ro
ca
lc
it
on

in
.

RT
-q
PC

R
Th

e
C
R
m
et
a-
cl
as
si
fi
er

is
th
e
m
os
ta

cc
ur
at
e

cl
as
si
fi
er

fo
rp

re
di
ct
in
g
th
e
p
os
it
iv
e
an

d
ne

ga
ti
ve

C
O
VI
D
-1
9
ca
se
s
w
it
h
an

ac
cu
ra
cy

of
84

.2
1%

.

Th
e
re
su
lt
s
co
ul
d
he

lp
in

th
e
ea
rly

di
ag

no
si
s
of

C
O
VI
D
-1
9,
sp
ec
ifi
ca
lly

w
he

n
th
e
RT

-P
C
R
ki
ts
ar
e

no
ts
uf
fi
ci
en

tf
or

te
st
in
g
th
e
in
fe
ct
io
n
an

d
as
si
st

co
un

tr
ie
s,
sp
ec
ifi
ca
lly

th
e
de

ve
lo
p
in
g
on

es
th
at

su
ff
er

fr
om

th
e
sh
or
ta
ge

of
RT

-P
C
R
te
st
s
an

d
sp
ec
ia
liz
ed

la
b
or
at
or
ie
s.

Yo
us
if
A
Y
(3
2)

D
em

og
ra
p
hi
cs
:a
ge

,g
en

de
r,
oc
cu
p
at
io
n;

la
b
or
at
or
y
da

ta
:w

hi
te

b
lo
od

ce
lls
,C

RP
,L
D
H
,

RT
-q
PC

R
an

d
ch

es
tC

T
Se
ns
it
iv
it
y
of

96
%

(C
I,
95

%
:9
4–

98
),
sp
ec
ifi
ci
ty

of
95

%
(9
0–

99
),
p
os
it
iv
e
p
re
di
ct
iv
e
va
lu
e
(P
PV

)o
f

Th
e
p
ro
p
os
ed

al
go

rit
hm

s,
th
us
,a

p
ro
m
is
in
g

C
O
VI
D
-1
9
di
ag

no
si
s
m
et
ho

d,
w
hi
ch

co
ul
d
b
e
an

(C
on

ti
nu

ed
on

ne
xt

p
ag

e)

Diagnostic Strategies for Identifying SARS-CoV-2 Infection Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 12

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00300-22


TA
B
LE

2
(C
on

ti
nu

ed
)

Re
fe
re
n
ce

V
ar
ia
b
le
s/
te
st
s
in
cl
ud

ed
Re

fe
re
n
ce

st
an

d
ar
d

Re
su
lt
s

A
ut
h
or
s'
co

n
cl
us
io
n

PL
T,
ly
m
p
ho

cy
te
s,
he

m
og

lo
b
in

so
di
o;
sy
m
p
to
m
s

an
d
si
gn

s:
sh
or
tn
es
s
of

b
re
at
h,
PC

O
2,
co
ug

h
de

ta
ils
,d
ec
re
as
ed

ap
p
et
it
e,
he

ad
ac
he

,b
od

y
te
m
p
er
at
ur
e;
ot
he

r:
co
nt
ac
tw

it
h
co
nf
or
m
ed

C
O
VI
D
-1
9
p
at
ie
nt
s,
ot
he

rc
om

or
b
id
it
ie
s,
so
re

th
ro
at
,m

ya
lg
ia
,c
hr
on

ic
re
sp
ira

to
ry

di
se
as
e,

sy
m
p
to
m

du
ra
ti
on

,C
O
PD

,w
ei
gh

tl
os
s,
ch

ill
s,

di
ar
rh
ea
,S
at
O
2

99
%

(9
8–

10
0)
],
ne

ga
ti
ve

p
re
di
ct
iv
e
va
lu
e
(N
PV

)
of

82
%

(7
6–

89
),
di
ag

no
st
ic
od

ds
ra
ti
o
(D
O
R)

of
49

6
(1
98

–1
,2
45

),
ar
ea

un
de

rt
he

RO
C
0.
96

(0
.9
4–

0.
97

),
M
at
th
ew

s
C
or
re
la
ti
on

C
oe

ffi
ci
en

to
f0

.8
7

(0
.8
5–

0.
88

),
ac
cu
ra
cy

of
96

%
(9
4–

98
),
an

d
C
oh

en
’s
Ka

p
p
a
of

0.
86

(0
.8
1–

0.
91

).
Th

e
A
U
C
on

th
e
da

ta
se
ts
2
an

d
3
w
as

0.
97

(0
.9
6–

0.
98

)a
nd

0.
92

(0
.9
1–

0.
94

),
re
sp
ec
ti
ve
ly
.T
he

m
os
t

im
p
or
ta
nt

fe
at
ur
e
w
as

w
hi
te

b
lo
od

ce
ll
co
un

t,
sh
or
tn
es
s
of

b
re
at
h,
an

d
C
-r
ea
ct
iv
e
p
ro
te
in

fo
r

da
ta
se
ts
1,
2,
an

d
3,
re
sp
ec
ti
ve
ly
.

am
en

dm
en

tt
o
si
m
p
le
b
lo
od

te
st
s
an

d
sc
re
en

in
g

of
sy
m
p
to
m
s.
H
ow

ev
er
,t
he

RT
-P
C
R
an

d
ch

es
t

C
T-
sc
an

,p
er
fo
rm

ed
as

th
e
go

ld
st
an

da
rd
,a
re

no
t1

00
%

ac
cu
ra
te
.

Pl
an

te
TB

(3
3 )

La
b
or
at
or
y
da

ta
:o
xy
ge

n
co
nt
en

t,
fe
rr
it
in
,C

RP
,

W
BC

,L
YM

,G
RA

,R
BC

.
N
A

Th
e
re
su
lt
s
sh
ow

th
at

th
e
b
es
tc

la
ss
ifi
ca
ti
on

ac
cu
ra
cy

ob
ta
in
ed

w
as

0.
87

,a
ss
oc
ia
te
d
w
it
h
an

F1
-S
co
re

of
0.
91

.

M
ac
hi
ne

le
ar
ni
ng

al
go

rit
hm

s
ca
n
b
e
us
ed

in
co
nj
un

ct
io
n
w
it
h
b
lo
od

te
st
s
in

co
un

tr
ie
s
w
it
h

in
su
ffi
ci
en

tr
es
ou

rc
es

to
co
m
b
at

th
is
p
an

de
m
ic
.

O
th
er

Ba
ne

rj
ee

A
(3
4)

St
an

da
rd

fu
ll
b
lo
od

co
un

t:
he

m
at
oc
rit
,

he
m
og

lo
b
in
,p
la
te
le
ts
,M

PV
,R
BC

,l
ym

p
ho

cy
te
s,

M
C
H
C
,l
eu

ko
cy
te
s,
b
as
op

hi
ls
,n
eu

tr
op

hi
ls
,M

C
H
,

eo
si
no

p
hi
ls
,M

C
V,
m
on

oc
yt
es

an
d
RB

C
D
W
.

RT
-q
PC

R
Fu

ll
b
lo
od

co
un

ts
ra
nd

om
fo
re
st
,s
ha

llo
w
le
ar
ni
ng

an
d
a
fl
ex
ib
le
m
od

el
p
re
di
ct

SA
RS

-C
oV

-2
p
at
ie
nt
s
w
it
h
hi
gh

ac
cu
ra
cy

b
et
w
ee

n
p
op

ul
at
io
ns

on
re
gu

la
rw

ar
ds

(A
U
C
=
94

–9
5%

)
an

d
th
os
e
no

ta
dm

it
te
d
to

ho
sp
it
al
or

in
th
e

co
m
m
un

it
y
(A
U
C
=
80

–8
6%

).
A
si
m
p
le
lin

ea
r

co
m
b
in
at
io
n
of

4
b
lo
od

co
un

ts
ca
n
b
e
us
ed

to
ha

ve
an

A
U
C
of

85
%

fo
rp

at
ie
nt
s
w
it
hi
n
th
e

co
m
m
un

it
y.

Th
is
ne

w
m
et
ho

do
lo
gy

ha
s
p
ot
en

ti
al
to

gr
ea
tl
y

im
p
ro
ve

in
it
ia
ls
cr
ee

ni
ng

fo
rp

at
ie
nt
s
w
he

re
b
as
ed

di
ag

no
st
ic
to
ol
s
ar
e
lim

it
ed

.F
ur
th
er

va
lid

at
io
n
w
ill
b
e
re
qu

ire
d
to

de
te
rm

in
e
if
th
e

m
od

el
ca
n
di
st
in
gu

is
h
fu
lly

fr
om

ot
he

r
p
at
ho

ge
ns
.

a
A
C
Ei
/S
ar
ta
n
or

FA
N
S
th
er
ap

y;
A
LC

,a
b
so
lu
te

le
uk

oc
yt
e
co
un

t;
A
N
C
,a
b
so
lu
te

ne
ut
ro
p
hi
lc
ou

nt
;A

U
C
,a
re
a
un

de
rt
he

re
ce
iv
er

op
er
at
in
g
ch

ar
ac
te
ris
ti
c
cu
rv
e;
C
K,
cr
ea
ti
n
ki
na

se
;C

O
PD

,c
hr
on

ic
ob

st
ru
ct
iv
e
p
ul
m
on

ar
y
di
se
as
e;
C
RP

,
C
-r
ea
ct
iv
e
p
ro
te
in
;C

T,
co
m
p
ut
er
iz
ed

to
m
og

ra
p
hy

;C
X
R,
ch

es
tX

-r
ay
s;
ED

,e
m
er
ge

nc
y
de

p
ar
tm

en
t;
LD

H
,l
ac
ta
te

de
hy

dr
og

en
as
e;
LY

C
,l
ym

p
ho

cy
te

co
un

t;
LY

P,
b
lo
od

ly
m
p
ho

cy
te

p
er
ce
nt
ag

e;
M
C
H
C
,m

ea
n
co
rp
us
cu
la
rh

em
og

lo
b
in

co
nc

en
tr
at
io
n;
M
C
V,
m
ea
n
co
rp
us
cu
la
rv

ol
um

e;
M
PV

,m
ea
n
p
la
te
le
tv

ol
um

e;
N
A
A
T,
nu

cl
ei
c
ac
id

am
p
lifi
ca
ti
on

te
st
;N

EW
S
2,
N
at
io
na

lE
ar
ly
W
ar
ni
ng

Sc
or
e
2;
Pa

C
O
2,
ar
te
ria

lp
ar
ti
al
p
re
ss
ur
e
of

ca
rb
on

di
ox

id
e;
PS

I/
PO

RT
sc
or
e,

Pn
eu

m
on

ia
Se
ve
rit
y
In
de

x
fo
rc
om

m
un

it
y-
ac
qu

ire
d
p
ne

um
on

ia
;R
BC

,r
ed

b
lo
od

ce
lls
;R
BC

D
W
,r
ed

b
lo
od

ce
ll
di
st
rib

ut
io
n
w
id
th
;W

BC
,w

hi
te

b
lo
od

ce
ll
co
un

t.

Diagnostic Strategies for Identifying SARS-CoV-2 Infection Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 13

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00300-22


TA
B
LE

3
Va

ria
b
le
s
fi
na

lly
in
cl
ud

ed
in

th
e
m
od

el
to

di
ag

no
se

in
fe
ct
io
n
w
it
h
sy
m
p
to
m
at
ic
p
at
ie
n
ts

w
it
h
su

sp
ec
te
d
C
O
V
ID

19
in
fe
ct
io
n
a

Re
fe
re
n
ce
s

A
U
C
(IC

95
%
)

RT
-q
PC

R
D
em

og
ra
p
h
ic

(a
g
e,
se
x)

C
lin

ic
al
ch

ar
ac
te
ri
st
ic
s

Im
ag

e
W
h
ol
e
b
lo
od

te
st
s

B
io
ch

em
ic
al
m
ea

su
re
m
en

ts

C
om

or
b
id
it
ie
s

Sy
m
p
to
m
s

Ex
p
os
ur
e
or

in
te
rn
at
io
n
al

tr
av

el
EC

G
D
ay

s
si
n
ce

on
se
t

C
T

C
X
R

RB
C

LY
P

LY
C

W
B
C

La
b
or
at
or
y

ro
ut
in
e
te
st
s

C
RP

LD
H

Fe
rr
it
in

C
K

A
rt
er
ia
l/

ve
n
ou

s
b
lo
od

g
as

C
h
ol
in
es
te
ra
se

Pr
ot
h
ro
m
b
in

ti
m
e

G
uo

X
(1
2)

93
(7
9–

10
0)

X
X

X
La
ng

er
T
(1
3 )

90
X

X
X

X
X

X
X

H
er
m
an

s
JJ
R
(1
4)

91
.4
(8
7.
9–

94
.9
)

X
X

X
X

X
X

Ya
ng

H
S
(1
5 )

85
.4
(8
2.
9–

87
.8
)

X
X

X
X

X
X

A
lja
m
e
M

(1
6)

A
cc
ur
ac
y
99

.5
%

X
X

X
X

X
X

Ts
ch

oe
lli
ts
ch

T
(1
7)

0.
74

X
X

X
X

X
D
u
R
(1
8 )

89
.9
–9

5.
8

X
X

X
X

X
X

X
X

Ku
rs
tj
en

s
S
(1
9)

91
X

X
X

X
X

X
X

X
To

rd
jm

an
M

(2
0 )

91
.8
(8
9.
1–

94
.6
)

X
X

G
up

ta
-W

rig
ht

A
(2
1 )

83
(8
2–

85
)

X
X

X
X

X

Vi
ec
el
iT

(2
2 )

82
.7
(7
5–

90
)

X
X

X
Pa

rd
o
Ll
ed

ia
s
J
(2
3 )

89
(8
3.
1–

94
.6
)

X
X

X
Tr
ub

ia
no

J
(2
4)

83
.6

X
X

X
A
hm

ed
S
(2
5 )

59
(0
.4
5–

0.
74

)
X

X
X

X
X

X
El
im

ia
n
KO

(2
6)

Lo
ss

of
sm

el
li
n

ch
ild

re
n:
0.
56

(0
.5
5–

0.
56

),
ei
th
er

fe
ve
ro

r
co
ug

h
in

ad
ul
ts
:

0.
57

(0
.5
6–

0.
58

),
an

d
di
ffi
cu
lt
y

b
re
at
hi
ng

in
th
e

el
de

rly
:0
.5
3

(0
.4
8–

0.
58

).

X

M
c
Ra

e
A
D
(2
7 )

Se
ns
it
iv
it
y:
97

.4
(9
6.
4–

98
.3
),

Sp
ec
ifi
ci
ty
:9
5.
9

(9
5.
5–

96
)

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

a
C
K,
C
re
at
in

Ki
na

se
;C

RP
,C

-r
ea
ct
iv
e
p
ro
te
in
;C

T,
co
m
p
ut
er
iz
ed

to
m
og

ra
p
hy

;C
X
R,
ch

es
tX

-r
ay
s;
EC

G
,e
le
ct
ro
ca
rd
io
gr
am

;L
D
H
,l
ac
ta
te

de
hy

dr
og

en
as
e;
LY

P,
b
lo
od

ly
m
p
ho

cy
te

p
er
ce
nt
ag

e;
LY

C
,l
ym

p
ho

cy
te

co
un

t;
RB

C
,r
ed

b
lo
od

ce
ll;

W
BC

,w
hi
te

b
lo
od

ce
ll
co
un

t.

Diagnostic Strategies for Identifying SARS-CoV-2 Infection Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 14

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00300-22


TA
B
LE

4
Va

ria
b
le
s
fi
na

lly
in
cl
ud

ed
in

th
e
m
od

el
to

di
ag

no
se

in
fe
ct
io
n
w
it
h
SA

RS
-C
O
V-
2
in

p
at
ie
nt
s
di
ag

no
se
d
w
it
h
C
O
VI
D
-1
9a

Re
fe
re
n
ce
s

A
U
C

D
em

og
ra
p
h
ic

(a
g
e,
se
x,
ra
ce
)

O
cc
up

at
io
n

C
on

ta
ct

w
it
h

C
O
V
ID
-1
9
p
at
ie
n
ts

C
lin

ic
al
ch

ar
ac
te
ri
st
ic
s

Im
ag

e
W
h
ol
e
b
lo
od

te
st
s

B
io
ch

em
ic
al
m
ea

su
re
m
en

ts

C
om

or
b
id
it
ie
s

Sy
m
p
to
m
s

D
ay

s
si
n
ce

on
se
t

C
T

C
X
R

RB
C

LY
P

LY
C

W
B
C

La
b
or
at
or
y

ro
ut
in
e
te
st
s

C
RP

LD
H

A
rt
er
ia
l/
ve

n
ou

s
b
lo
od

g
as

Pr
oc

al
ci
to
n
in

G
at
ti
M

(2
8)

87
.8

X
X

X
X

Pl
an

te
TB

(2
9)

91
(9
0–

92
)

X
X

X
G
or
ek
e
V
(3
0)

10
0

X
X

X
X

X
X

A
rp
ac
iI
(3
1)

A
cc
ur
ac
y:
84

.2
X

X
X

X
X

M
ar
at
eb

H
R
(3
2)

87
–9

6
X

X
X

X
X

X
X

X
Yo

us
if
A
Y
(3
3)

A
cc
ur
ac
y:
87

X
X

X
X

X
X

a
C
RP

,C
-r
ea
ct
iv
e
p
ro
te
in
;C

T,
co
m
p
ut
er
iz
ed

to
m
og

ra
p
hy

;C
X
R,
ch

es
tX

-r
ay
s;
LD

H
,l
ac
ta
te

de
hy

dr
og

en
as
e;
LY

P,
b
lo
od

ly
m
p
ho

cy
te

p
er
ce
nt
ag

e;
LY

C
,l
ym

p
ho

cy
te

co
un

t;
RB

C
,r
ed

b
lo
od

ce
ll;
W
BC

,w
hi
te

b
lo
od

ce
ll
co
un

t.

Diagnostic Strategies for Identifying SARS-CoV-2 Infection Microbiology Spectrum

July/August 2022 Volume 10 Issue 4 10.1128/spectrum.00300-22 15

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.00300-22


merges multiple decision trees into one “forest”) to identify SARS-CoV-2 positive patients
from full blood counts, and they showed an AUC of 85. Nevertheless, the authors stated
that further validation will be required.

Description of the fulfilment of the STARD criteria. The average number of crite-
ria fulfilled was 17.6 (maximum, 27 and minimum, 5) over 34 (Table 5 and supplemen-
tary material Table 1A and 1B).

Most of the articles met the two criteria included in the introduction section
(61.8%) and detailed the objectives and hypotheses of the study. However, only 35.3%
of the articles were identified as a diagnostic accuracy study, and 47.1% included a
structured abstract and the scientific and clinical background that justified the study.

TABLE 5 Description of the compliance with items included in the checklist of the Standards for Reporting Diagnostic Accuracy Studies
guidelines (STARD)

Item from STARD Checklist

Compliance

N (%)
Title or abstract

1 Identification as a study of diagnostic accuracy using at least one measure of accuracy (such as sensitivity,
specificity, predictive values, or AUC)

12 35.3

Abstract
2 Structured summary of study design, methods, results, and conclusions (for specific guidance, see STARD for

Abstracts)
16 47.1

Introduction
3 Scientific and clinical background, including the intended use and clinical role of the index test 21 61.8
4 Study objectives and hypotheses 21 61.8

Methods
Study design 5 Whether data collection was planned before the index test and reference standard were performed

(prospective study) or after (retrospective study)
18 52.9

Participants 6 Eligibility criteria 13 38.2
7 On what basis potentially eligible participants were identified (such as symptoms, results from previous tests,

inclusion in registry)
17 50

8 Where and when potentially eligible participants were identified (setting, location, and dates) 19 55.9
9 Whether participants formed a consecutive, random or convenience series 12 35.3

Test methods 10a Index test, in sufficient detail to allow replication 17 50
10b Reference standard, in sufficient detail to allow replication 14 41.2
11 Rationale for choosing the reference standard (if alternatives exist) 10 29.4
12a Definition of and rationale for test positivity cut-offs or result categories of the index test, distinguishing

prespecified from exploratory
14 41.2

12b Definition of and rationale for test positivity cutoffs or result categories of the reference standard,
distinguishing prespecified from exploratory

9 26.5

13a Whether clinical information and reference standard results were available to the performers/readers of the
index test

1 2.9

13b Whether clinical information and index test results were available to the assessors of the reference standard 6 17.6
Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 20 58.8

15 How indeterminate index test or reference standard results were handled 1 2.9
16 How missing data on the index test and reference standard were handled 5 14.7
17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory 13 38.2
18 Intended sample size and how it was determined 2 5.9

Results
Participants 19 Flow of participants using a diagram 8 23.5

20 Baseline demographic and clinical characteristics of participants 18 52.9
21a Distribution of severity of disease in those with the target condition 10 29.4
21b Distribution of alternative diagnoses in those without the target condition 5 14.7
22 Time interval and any clinical interventions between index test and reference standard 4 11.8

Test results 23 Cross tabulation of the index test results (or their distribution) by the results of the reference standard 19 55.9
24 Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) 20 58.8
25 Any adverse events from performing the index test or the reference standard 0 0

Discussion
26 Study limitations, including sources of potential bias, statistical uncertainty, and generalizability 21 61.8
27 Implications for practice, including the intended use and clinical role of the index test 19 55.9

Other Information
28 Registration no. and name of registry 2 5.9
29 Where the full study protocol can be accessed 2 5.9
30 Sources of funding and other support; role of funders 15 44.1
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In the method section, less than 40% of the studies described the eligibility criteria.
For instance, only two of the nine studies that included patients suspected of infection
included the days since onset as a variable, and half of the studies included a descrip-
tion of the symptoms. In addition, only two studies included in the review described
how the authors estimated the sample size and only one mentioned how indetermi-
nate index test or reference standard results were handled. Of the 23 included studies,
less than 20% described if the evaluation of the index test and the reference standard
was blind.

In the result section, given the characteristics of the tests evaluated, no study
included the description of any adverse effect related with either the index test or the
reference standard. Only four (11.8%) studies described time interval between index
test and reference standard and five studies (14.7%) included the item related with the
distribution of alternative diagnoses in those without the target condition. Only 58.8%
of the studies included the precision of the AUC.

Most of the studies did not include a registration number of the study and did not
explain if the protocol could be accessed.

DISCUSSION

The emergence of the pandemic has meant that researchers and journals have made
a great effort to generate scientific evidence with available results, often in an acceler-
ated manner. This may have influenced the quality of published studies, increased the
risk of bias, and often provided incomplete information. However, poor compliance with
the available recommendations for the presentation of results in a scientific article, such
as the STARD guidelines (in this review, the mean compliance with the STARD criteria
[over 34] was 17.6; range 5–27) may have implications for the care of individuals sus-
pected of having COVID-19 and for the healthcare system (35).

The studies in this review showed high diagnostic accuracy values when more than one
test was included, even higher than those included in previous reviews of molecular studies
for the detection of COVID-19 (7). A previous review (36) showed how the combination of
different diagnostic tests was highly recommended to achieve adequate diagnostic sensitiv-
ity and specificity values.

We grouped the studies according to the population, which included symptomatic
population with suspected infection, population with a confirmed diagnosis, and
others. Diagnostic models should be developed in populations as similar as possible to
those in which the test will be applied in practice (37, 38); either in those patients with
suspected infection (symptomatic patients or close contact of people with confirmed
SARS-CoV-2) or in screening populations. About 70% of the studies included in this
review (16 of 23 studies) selected symptomatic patients who presented to a hospital
center with suspected infection. Many COVID-19 infections are asymptomatic but can
transmit the virus to others. Therefore, early detection of these patients is essential to
interrupt the transmission pathway of the virus and control COVID-19. However, given
the difficulty of detecting these patients and the fact that routine testing for asymp-
tomatic patients usually includes only one test (usually RT-qPCR), only one of the stud-
ies was performed in a population including not only symptomatic patients, but also
patients with contact with known COVID-19 positive patient or patients who have trav-
eled abroad, a usual situation in clinical practice (24).

Six of the studies in this review included a population already diagnosed and one
study did not specify the clinical characteristics of the patients included. These seven
studies (30% of the included studies), therefore, did not provide results that can assist
clinicians in identifying the cases they are going to deal with in practice. In a previous
review of molecular studies (7), half of the articles included patients with a confirmed
diagnosis of COVID-19 infection.

For a diagnostic model to be applied in practice, it must be validated in a sample
which is independent from that in which it was developed (39). Only seven of the 16 stud-
ies that included symptomatic patients with suspected infection (12, 15, 18–20, 26, 27)
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and one of the two studies that included already diagnosed patients (33) carried out such
external validation. Authors stated the need for further validation of the model in only five
of the nine studies that did not include an external validation (21–25). Eight studies (13,
14, 17, 21, 22, 24, 30, 31) carried out internal validation through the application of techni-
ques such as bootstrap or k-fold cross validation. These techniques provide reasonably
valid estimates of the diagnostic model, but external validation with substantial sample
sizes should not be overlooked (40).

Imaging test results and lymphocyte counts were most frequently included in mod-
els diagnosing symptomatic patients with suspected infection. A previous study (41)
also showed the diagnostic value of lymphocyte count. To date, imaging has been an
essential test in clinical practice for the diagnosis of COVID (42), given that the pres-
ence of bilateral pneumonia is an indication of patient risk. However, the studies did
not include any information regarding the use of the findings from the imaging tests.
Even though chest X-ray and CT chest imaging findings can be useful, they are also
understandably nonspecific, can change with disease progression, or have overlap
with other viral pneumonias (43). Other variables such as sociodemographic character-
istics, presence of comorbidities, or days since symptom onset were only included in
less than half of the studies. A previous review assessing symptoms associated with
infection did not identify any useful combination of symptoms that could be reliably
associated with the presence of infection (11). One of the studies (12) included the first
RT-qPCR performed in the model, while establishing the final result of the RT-qPCR as
the gold standard. A previous review (44) indicated the frequency of false-negative
results of the first RT-qPCR; their inclusion in the model may lead to a high risk of diag-
nostic verification bias if only some of the participants who received this first RT-qPCR
with a particular result received the standard reference test (45).

Ten of the 23 included studies applied artificial intelligence methods, nine studies
focused on symptomatic patients (19–27), four studies on patients already diagnosed
(29, 30, 32, 33) and in one study, the clinical characteristics of the included patients are
unspecified (34). Although an effort is being made to develop guidelines for the
description of AI-based diagnostic studies (46), given the novelty of the application of
this procedure, they have not yet been fully developed. This may also have contributed
to the lack of compliance of these studies with the STARD criteria.

The mean compliance with the STARD criteria was 17.6 over 34 (range 5–27).
Given the characteristics of the studies, both the diagnostic model and the gold
standard were performed in a short span of time, which limited errors arising from
changes in the patients' disease status. However, this also led to lower compliance
with the criteria related with the independent evaluation of the two tests. Within the
results section, a large majority of studies did not describe the flow diagram of
patients, or the distribution of disease severity and other alternative diagnoses in
those patients with and without the disease under study. This can limit the useful-
ness of the study for clinicians who are trying to apply the results in practice. Only
35% of the evaluated studies included a description of the patient selection process
(consecutive, randomized or other) and more than 60% of them did not describe the
patient inclusion criteria. Although this bias has also been described in the evaluation
of molecular tests for COVID-19 (47), in this review this description represents an
improvement on previous reviews, where 98% of the studies were at high risk of
selection bias (48). The articles did not show sample size determination, nor did they
describe how to deal with indeterminate or missing results. Finally, almost all the
studies failed to show the prior registration of the study, as well as whether the pro-
tocol was accessible. This is an important question, as it would allow us to establish
whether the strategy tested was proposed prior to seeing the results. If researchers
only report on the combinations of tests that obtain high values of diagnostic accu-
racy, they run the risk of developing models which fit the data (overfitting) but have
limited clinical value. This is especially relevant when coupled with the absence of
validation in an independent sample.
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The limitations of this study are mainly related to the literature search. Although
the search was conducted in different databases (PubMed, Embase, and the bioRxiv
and medRxiv databases), given the wide dissemination of research during the pan-
demic, it is possible that we have missed some relevant studies. Given the urgency to
develop new diagnostic strategies in the COVID-19 pandemic, there may have been a
bias related to the publication of only those results that show a significant finding.

Conclusions. According to this systematic review, the inclusion of more than one diag-
nostic test in the diagnostic process for COVID-19 infection shows high diagnostic accu-
racy values. Imaging characteristics, patients’ symptoms, demographic characteristics, and
lymphocyte count were the variables most frequently included in the diagnostic models.
However, there are some aspects to be improved; developed models should be externally
validated before reaching conclusions on their utility in practice. In addition, it is important
to bear in mind that the test should be evaluated in populations as similar as possible to
those in which it will be applied in practice. Applying existing recommendations for the
development of diagnostic tests, including following STARD or similar guidelines in the
case of AI studies, will improve the reporting of diagnostic evaluation studies.

MATERIALS ANDMETHODS
This systematic review was conducted according to the recommendations of the Preferred

Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) (49).
Eligibility criteria. Original research articles (published from 1 January 2020 to 28 February 2022)

were selected. We included studies whose primary objective was to evaluate a diagnostic strategy to
detect the presence of SARS-CoV-2 infection before getting a molecular diagnosis; the diagnostic strategy
was designed for use in clinical practice or a public health context, and accuracy rates had to be provided
either in terms of sensitivity and specificity, the likelihood ratio, or ROC curve. Our search was limited to
articles written in English or Spanish. We excluded articles that focused on the evaluation or validation of a
single individual diagnostic test or the comparison between different individual diagnostic tests.

Search strategy. We conducted a comprehensive and sensitive search based on search terms developed
for the COVID-19 Open Access Project by researchers and librarians at the Institute of Social and Preventive
Medicine of the University of Bern (https://www.ispm.unibe.ch/about_us/news/new_searchable_living_evidence
_in_covid_19_open_access_project/index_eng.html). The search for articles included PubMed, Embase and pre-
prints indexed in the bioRxiv and medRxiv databases.

The following search terms were applied to uncover studies of diagnostic accuracy: “Sensitivity and
Specificity ”[Mesh], “Sensitivity” or “Specificity,” “Area Under Curve” [Mesh],or “Area under curve,” “ROC
Curve” [Mesh], or “ROC,” “Diagnostic Accuracy,” “Likelihood Ratio” and “Severe Acute Respiratory Syndrome
Coronavirus 2” [Supplementary Concept], “COVID- 19” [Supplementary Concept], “Coronavirus” or “Corona
Virus,” “HCoV” or “nCoV,” “2019 CoV,” “Covid,” “Covid19,” “Severe Acute Respiratory Syndrome Coronavirus
2,” “SARS-CoV2,” “SARS-CoV 2,” or “SARS Coronavirus 2”.

Study selection.We included original articles on a diagnostic strategy to detect the presence of SARS-
CoV-2 infection, which included the combination of at least two diagnostic tests. A screening was per-
formed to exclude editorials, letters to the editor, and any study different from an original research report.

Two reviewers (P.C.-M and B.L.) independently screened each reference title and abstract (if avail-
able) for relevance to the review. Disagreements were resolved by discussion and consensus with a third
reviewer (E.Ch.R. and L.A.P.). We then, reviewed the complete article of those selected in this first round.
In the second round, two reviewers independently applied the selection criteria. Studies in which the
authors did not specifically perform an assessment of the diagnostic accuracy of a diagnostic process
involving the combination of more than one test were excluded.

For the inclusion of the studies, it was established that the concordance assessment between these
authors (k -index) should be greater than 0.60.

Data extraction. The following variables were extracted from each of the included articles: year of pub-
lication, country of origin, study design, clinical setting, study objective (diagnosis or screening), characteris-
tics of the study population (sex, age, symptoms, and sample size), tests included in the diagnostic strategy,
results of the diagnostic tests and authors' conclusions. Data extraction was performed independently by
two researchers (P.C.-M. and B.L.) and then discrepancies were discussed independently with a third author
(E.Ch.R. or L.A.P.).

Two reviewers (P.C.-M. and B.L.) also independently applied the STARD criteria and discrepancies
were discussed with a third author (E.Ch.R. or L.A.P.). The results of this assessment are summarized in
the supplementary material.

Concordance was also analyzed using the kappa index of both the extraction of study variables and
the application of the STARD guideline.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE1, PDF file, 0.2 MB.
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